This article re-examines the food consumption of working class households in 1904 and compares the nutritional content of these diets with modern measures of adequacy. We find a fairly steep gradient of nutritional attainment relative to economic class, with high levels of vitamin and mineral deficiency among the very poorest working households. We conclude that the average unskilled-headed working households was better fed and nourished than previously thought. When proper allowance is made for the likely consumption of alcohol, household energy intakes were significantly higher still. We investigate the likely impact of contemporary cultural food distribution norms and conclude on the basis of the very limited evidence available that women were receiving about 0.8 of the available food, which was consistent with their nutritional needs. We adjust energy requirements for likely higher physical activity rates and smaller stature and find that except among the poorest households, early twentieth century diets were sufficient to provide energy for reasonably physically demanding work. This is consistent with recent attempts to relate the available anthropometric evidence to long-run trends in food consumption. We also find that the lower tail of the household nutrition distribution drops away very rapidly, so that few households suffered serious food shortages.
I
At the turn of the twentieth century the majority of working people in the United Kingdom could afford to feed, clothe and house their families and still have something left over for other types of consumption. Nevertheless, even in the most advanced industrial economy in the world at the time, a significant proportion of the population had insufficient income to secure their basic needs. These two statements are widely accepted, but beyond these the detail is both less well-known and controversial.
Food is the most basic of needs. Food consumption by economic and social group, the extent of energy and nutrient deficiencies and their relationship with stature and physical activity remain imprecisely understood for Britain during the late nineteenth and early twentieth century. Recent research by Fogel et al (2011) This article reports an investigation into available household food and nutrition at the turn of the twentieth century, using the best available large-scale set of data: the extant household returns to the Board of Trade's 1904 enquiry into the consumption and cost of food. From these data, we create benchmark levels of food consumption by socio-economic class, adjusting for regional biases. Among the novel features of this study, we account, as well as we can, for unrecorded alcohol consumption. We also study the allocation of food within the household. We compare our findings with an appropriate energy and nutritional standard, which is developed in detail, taking into account the workloads and likely stature of individual household members.
Finally, we reconcile our estimates of the extent of nutritional inadequacy with recent estimates of the extent of poverty in Britain at the turn of the twentieth century.
Our key findings are that nutrition among working families was better than previously thought, though there were clear shortages of some key nutrients in the diet. We also find that the lower tail of the nutrition distribution drops away very rapidly, so that few households suffered drastic food shortages. Among the poor, however, the depth of nutritional shortfall was greater, with almost half of poor households estimated to have less that 80% of their required calories intakes.
The remainder of this article is laid out as follows. Section II reviews the existing estimates, finds some problems with them, and revises them. Section III introduces the survey data we employ. Section IV sets out our estimates of the average per capita diets, by occupation of the head of household and adjusts these to be representative of Great Britain. In section V we convert the diets into nutrient intakes and present these by occupational group on a per capita and adult equivalent basis. In section VI we make allowance for the effect of alcoholic drink on estimates of available energy and examine the distribution of food within the household. Finally, in section VII we compare our results with the most recent official UK Recommended Nutritional Intakes (1991), adjusted for the smaller stature of early twentieth century individuals and their likely greater physical activity. Section VIII concludes. 's Food (1957) that "It is no exaggeration to say that the opening of the twentieth century saw malnutrition more rife in England than it had been in the great dearths of medieval and Tudor times."
II.

Drummond and Wilbraham famously claimed in the Englishman
1 Few would now take this view seriously, though there is support for the idea that malnutrition was still widespread at the end of the Victorian period.
2 Indeed, the 1904 Inter-Departmental Committee on Physical Deterioration, whose investigation was prompted by the poor physical condition of recruits to the army 1 Drummond, J.C., and Wilbraham, Anne, (1957) , The Englishman's Food, p.403 2 All the evidence available to Drummond and Wilbraham in the 1950s, on the behaviour of real income growth during the second half of the nineteenth century, strongly suggested the opposite, making it difficult to view the 'turn of the century' as the worst of times. If there was dearth in 1900, it must have been worse a generation earlier.
during the South African War (1899) (1900) (1901) (1902) , claimed that as many as one third of working-class children were malnourished.
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These findings provided evidence that appeared to corroborate the results of late nineteenth and early twentieth century social investigations of poverty and workingclass diet. Late Victorian social investigators devised new methods of measuring the extent of the shortfall of household income necessary to meet basic needs. What all these enquiries had in common was a methodology that compared household income with the ability to meet a prescribed minimum basket of goods. Food was the key component of this needs based definition of poverty, although nutritional science was in its infancy in the late nineteenth century. Energy requirements and the relationship between food intake and activity level were understood and had been incorporated into Rowntree's first poverty line. 4 Generally, these early poverty studies concentrated on the quantity, rather than the quality, of food consumed. 5 Although the role of calcium and iron in the diet had been identified, contemporary science had not isolated specific vitamins and amino acids and did not fully appreciate the relationship between diet and health, though, of course, in general terms some key foods had been identified as being able to prevent illness and disease. The best known example is the discovery by Lind in 1747 that scurvy was prevented by the consumption of citrus fruits.
It was not until the very end of the nineteenth century, however, that the relationship between the constituents of foods and specific diseases began to be more fully understood. In 1886 Eijkman discovered that the consumption of unpolished rice led to a paralytic disorder in chickens similar to human beriberi, but credit is usually given to Fletcher in 1905 for the discovery of a 'special nutrient' in the husk of rice that prevented the disease in humans. The first modern analysis of the late nineteenth century and early twentieth century working class food consumption patterns and nutrition was carried out by Oddy (1970 Oddy ( , 1976 Oddy ( , and 2003 , who writing in 2003 concluded that:
The evidence from almost 2,500 budgets of working-class families over the period from the 1890s to 1914 indicates that inadequate diets extended more widely among unskilled workers than mere casual labourers earning a pound a week or less who were the principal target of social investigators. Whatever objections there may be to assessing diets per head, the conclusion is inescapable that, with an income below 30s per week and the normal number of growing children for the period before the First World War, families might well obtain only 2,000 to 2,200 kcal and 50 to 60g of protein per head per day. This nutritional analysis provides quantitative evidence in support of the contention by Drummond that malnutrition was widespread in Britain before the First World War.
14 ` Oddy's conclusion was based on the analysis of diets derived from late nineteenth century and early twentieth century dietary and expenditure records collected by contemporary social investigators and from the official Board of Trade enquiries.
Most of these surveys were small-scale enquires of less than 40 households, carried 12 In particular, Lindsay's study records the food already in the house immediately before and after the period of study, which was used in conjunction with household food expenditure records to provide a more accurate estimate of household food consumption during the study period. Nevertheless, with respect to the consumption of foods, Oddy's broad conclusions remain true: at the turn of the twentieth century the typical working class diet was based on a large quantity of bread and flour, though the largest expenditure was on meat. Sugar-based foods were used to make the diet palatable.
There are a number of advantages of investigating working-class diet using the original returns of the 1904 enquiry, rather than being restricted to the published returns. First, diets can be analysed on the basis of both income and skill group and they allow for a more sophisticated treatment of household size and composition.
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The published analysis is an aggregate summary by income group and region only. Table A1 , when converted to imperial units, are not the same as those reported in Table 3 .5 (2.9 lb and 8.0 oz respectively). Moreover, the value for 'Bread' and 'cereals' together is 7.16lb in Table 3 .5 and 7.0 lb in Table A1 The enquiry made use of a fixed format questionnaire. The forms provide information on locality (often given very precisely); number and age of children;
occupation of the head of household; household weekly income, including earnings of the head and average additional weekly family income; weekly house rent and number of rooms occupied. Fully half the questionnaire is concerned with expenditure and quantity of food consumed by the family, but no details of non-food expenditures were requested other than rent.
1,033 returns from the 1904 Board of Trade enquiry are extant. We will refer to these recovered returns from this survey as the BoTR sample. provides a detailed discussion of the relationship between this sub-sample and the original enquiry. Readers interested in the detail are referred to that article, but it is necessary to re-iterate the main conclusions here. First, the recovered returns are not a simple sub-sample of the 1,944 returns used in the Board of Trade's analysis that is published as Cd.2337 Cd. (1905 . The recovered extant returns include a number of those that were received too late for the Board of Trade's analysis or were considered to be incomplete in some way. Gazeley and Newell carefully reviewed all of those in this category and most are useable. The elimination of those that are problematic in some way reduces the useable sample to about 990 returns. Secondly, the geographical distribution of BoTR returns is not a random sample of the original. The BoTR returns include most, if not all, of the original Scottish budgets and correspondingly fewer from England, and especially from London, than the original. Thirdly, the BoTR sample has slightly more children per household and a little higher average food expenditure. Finally, in terms of weekly household income distribution, the BoTR sample has a few more families in both extremes of the distribution, but otherwise the match between the two samples is very close. 
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<Table 2 about here>
For all three categories of manual workers, Table 3 provides a summary of food consumption per capita in 1904 derived from the analysis of the BoTR sample, using the skill groups using Armstrong's classification. We also calculate the average food consumption of the poorest households in the sample. This group is composed of those households whose income in insufficient to meet Bowley's 1912-3 'northern towns' poverty standard at 1904 prices.
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Recall that this was a fixed format survey that recorded household expenditure on foods and (generally) the quantity of food purchased. In the few cases where expenditure on a food type was recorded, but the quantity purchased was not, we have estimated quantity by deflating expenditure with the average unit price derived from the survey returns. In keeping with the methodology adopted by the 1918 Sumner Committee, the quantity of food grown in the garden or on allotments in 1904 is also included in these estimates, in the cases where respondents have noted it.
Comparing the published average values for quantities of food consumed for the working-class households in the 1904 enquiry with those derived from an analysis of the recovered original expenditure records from this enquiry (Table 3 , column (1) compared with column (2)), there is a close correspondence for most articles of food.
Quantities consumed are only reported for a sub-set of foods in the published report of the 1904 enquiry, whereas it has been possible to derive a full set of food quantities purchased from the extant returns. In the cases of bread and flour, bacon, all other meat, condensed milk, cheese, butter, margarine, rice and tapioca, sugar tea, coffee and cocoa, the correspondence between the two sets of values is very close. There is, however, significant variation with respect to potatoes, fresh milk and oatmeal. The former is probably explained by the inclusion of garden and allotment produce in the estimates of consumption derived from the recovered original returns, whereas in the published results of the analysis of the original enquiry this was excluded. The much higher per capita consumption of oatmeal in the extant returns is due to the preponderance of Scottish households in the surviving sample. Similarly, buttermilk is included with fresh milk and buttermilk was consumed in large quantity in the households from Ireland. To take account of these factors, we have calculated weighted estimates of per capita consumption of foods, which exclude the households from Ireland and weight the households for England and Wales and Scotland in proportion to population size in 1901. These results are reported in Table 4 .
Weighting the BoTR sample in this way eliminates the discrepancy between the reported Board of Trade average figures and the average calculated from the BoTR sample with respect to oatmeal consumption. It also significantly reduces the discrepancy with respect to milk consumption, though it does not completely eliminate it. Taken as whole, with respect to food consumption per capita, it can be seen that the recovered sample of the Board of Trade enquiry budgets are fairly typical of the original survey, though a small number of important differences are apparent which are likely due to the regional bias of the sample we recovered.
<Table 4 about here>
Next we compare our results derived from the original household returns with Oddy's estimates from the published analysis of the survey. 
V
The estimates of household nutritional intake that can be obtained from these consumption records are subject to a number of potential errors. First, it is typically the case that the records lack some precision. So, for example, although it is known that the household purchased a quantity of meat, it is not know what cut of meat was purchased and whether it was on or off the bone. This is important because the nutritional composition of cuts of meat vary, especially in relation to fat content.
Moreover, for each food type modern food composition tables make assumptions about the proportion of the food that is actually edible. Secondly, and related to this point, we cannot know exactly the way in which food was prepared in these households or how much was wasted from a given quantity of food purchased.
Thirdly, some vitamins are destroyed by heat and also the vitamin content of certain foods declines over time and the rate of decline can be affected by the method of storage. Although we have some knowledge of prevalent working class food storage, preparation and cooking practices, we have no information pertaining to the individual households in the survey.
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In translating food consumption data into nutritional intakes we have attempted to minimise these problems. We have used McCance and Widdowson's food composition tables, adjusted so as to remove the impact of the fortification of flour and margarine. 27 For meats, we take an average of three different cuts for each type, including both on-and off-the-bone cuts. We have adopted McCance and
Widdowson's assumptions concerning the amount of waste associated with each food.
The food groups most affected by waste assumptions are meat, fish and vegetables.
Of course, we do not know whether their assumptions relating to waste, which are to some extent culturally determined, reflect the behaviour of these working class households seventy years earlier. However, it seems likely to us that poor households at the turn of the twentieth century would have minimised food waste and consumed as high a proportion of the food purchased as possible. In consequence, we believe our estimates are reasonably robust lower-bound measures of nutrients available to households. tended to be those that were on lower incomes and/or were larger with more nonworking younger children.
VI
It is likely food was not distributed equally between members of the household, but there is no evidence pertaining to the distribution of food within households in this survey, though there is some information in other near contemporaneous social surveys. Dr Thomas Oliver collected 31 diets from households in the early 1890s and he is one of the few investigators to explicitly address differences in consumption between men and women. Of this total, however, only 6 diets were collected from 28 Oddy, D.J., 'Working-Class Diets in Late Nineteenth-Century Britain' Economic History Review, second series, (1970) Appendix p.323 29 The Board of Trade survey did not ask the ages of adults nor for the genders of children. In light of these restrictions we proceeded as follows. For each nutrient or measure of nutrition specified in the 1991 Department of Health Report, we took the average of the male and female age-specific requirements, and then multiplied those values by the number of household members in that age group, and then summed these to reach a household reference value. The age groups were: under one year; one to three years; four to six years; seven to ten years; eleven to fourteen years; fifteen to eighteen years; over eighteen years.
women, and only two of these were married in households where the male head was still living. Overall, Oliver concluded that women were consuming about 80 per cent of the food men received -especially of protein rich foods. 30 This practice was probably still the norm forty years later, as similar conclusions were reached by Spring-Rice in her analysis of 15 working-class household budgets in the 1930s.
Spring-Rice concluded that 'In a household in which deficiency plays a far larger part than fulfilment, it is certain that the mother, who is the chancellor of the family exchequer, will deprive herself, instinctively or deliberately, for the sake of her husband or children'.
<Table 7 about here>
Of the 15 diets collected by Spring-Rice, only two are sufficiently detailed to calculate the share of the wife's food consumption in total household consumption.
These diets provide full details of the food purchased by the household and the woman's individual meal plans for each meal for seven days. Table 7 provides details of the proportion of weekly food consumed, for these two women, as well as the per capita and energy per equivalent adult shares. Notice that for nearly all foods, these two women are consuming more than their per capita share and often more than their energy equivalent adult share. However, in the case of protein rich foods the evidence is mixed with one woman consuming a greater share and the other a smaller share than the relevant energy adult equivalent proportion. It would be rash to make too much of this evidence, but since adult women's energy requirements are about 0.8 adult man's, Oliver's conclusion on the relative consumption of women and men would be consistent with a needs-based allocation. Of course, for nutrients, rather than energy, where adult men and women's requirements are more similar, it remains possible that women were not receiving a share of the household food in proportion to their needs.
Finally, it should be noted that the available energy figures given in Tables 6a and 6b are almost certainly an under-estimated because the 1904 survey, in common with most household expenditure surveys, does not fully record expenditure on alcohol. If it is less than 50% of the RDA, the risk of inadequacy is high. However, when intake falls between these extremes all that can be said is that the farther intake falls below the RDA the greater is the risk of deficiency.' (moderate/heavy' occupational activity and 'very active' non-occupational activity).
Practice in the UK prior to this Report was to specify different energy requirements for various levels of physical activity that were explicitly related to an individual's has then been compared with the available nutrients for the household derived from the household's food consumption data. 
Tables 10a-10b about here>
VIII
By investigating the recorded purchases of foods in the original returns of the Board of Trade's enquiry into urban working class households, we provide a revised and more nuanced record of nutrition in 1904. We find that, compared to Oddy's (2003) estimates, taken from the published summary statistics of the same survey, average working class food consumption was higher. On analysing the nutritional content of the diet, we find very limited purchases of fruit and vegetables and this leads to likely shortages of vitamins A, C and D, riboflavin and calcium. With respect to energy available to the household, we find that on average just over 3,000 kcal were available per equivalent adult per day. For poorer households, there was about 10-15% less energy available. If allowance is made for the likely consumption of alcohol, which is not systematically recorded in the 1904 survey, available energy for adult members of the household might be about 400 kcal higher per day, though the impact on our per equivalent adult calculations is much less (because of non-alcohol consuming children), at around an additional 100 kcal per day. Our best guess, taking into account likely beer consumption is an average of around 3165 kcal for skilled workers and 2,700 kcal per equivalent adult per day for poor workers.
Did these 1904 diets provide sufficient energy to maintain physically demanding work? Fogel (2004) argues that during the nineteenth century British workers physiological capital increased. As diets provided more energy, both physical stature and productivity increased. The calories available for work (total energy intakes less 1.27 basal metabolism) increased from around 858 kcal per equivalent adult male in 1800 to 1,074 in 1850. Fogel (2004) calculates that 1,793 kcal per adult equivalent male were available by 1980. 47 For Floud et al (2011) , the increase in the energy available from the late eighteenth century had the effect of increasing the labour force participation rate (by facilitating sustained work among those who previously had insufficient energy intakes) and also raised the productivity of those in work, both of which made substantial contributions to the growth in per capita income over the long run. 48 This increase in available energy also facilitated increased average height and weight over the same period.
For the households in the 1904 survey, 1.27 basal metabolism is around 1550 kcal per equivalent adult male. Thus, skilled workers in 1904 would have had around 1615 kcal per equivalent male available for work, while poor workers would have had 47 Fogel (2004) Floud et al (2011) pp.126-7 around 1150 kcal per equivalent adult male available for work, which fits comfortably within Fogel's long-run time series. Floud et al (2011) maintain that the increase in available energy for work in the late nineteenth century, reduced pauperism and begging by providing the energy needed for physically demanding work.
49 find that the depth of poverty was very low in 1904, as many of those households in poverty were only a little below the poverty line.
Nutrition follows a similar pattern. The majority of households for which measured calories fall below the 1991 RNI standard have measured calories more than 80% of that standard. In other words, the lower tail of the calorie distribution drops very steeply. Among those that classified as poor by the Bowley standard, the picture is less optimistic. We calculate that around 70% of these households were below the RNI calorie standard, and 46% were below 80% of the standard, so the tail is longer among the poor. Taken together with the findings presented here on diets, it would suggest that in 1900, Britain was on the cusp of having a working population where very nearly all households had a diet that provided sufficient energy for sustained work. Among better off sections of the working class, this physiological transition had been made by 1900, but among those subject to poor livings there was still a substantial minority for whom energy intakes were incompatible with sustained physically demanding work. The proportion of food consumed by the wife has been calculated by aggregating the total consumption of the wife for each meal for 7 days and expressing this as a proportion of the total weekly food purchased. Where weights have not been given, the following assumptions have been made, several of which rely upon Thomas Oliver's assumption given in the Diet of Toil. 50 Bread: one slice = 2.5 oz (Thomas Oliver). This seems high, so a range has been given which is 1.25 -2.5 oz per slice. Meat: one serving = 2oz . Note that this is less than half the quantity suggested by Thomas Oliver. Potatoes: three medium sized potatoes = 8 oz (Thomas Oliver). Butter: 1oz sufficient to cover 3 or 4 slices of bread (Thomas Oliver). Bacon: 1lb = 16 rashers, 1 rasher = 1 oz. Sausage: 1lb = 8, 1 Sausage = 2oz. Tablespoon peas = 1oz. Tablespoon of cocoa powder = 0.2 oz. Cake: 1 serving = 2oz. 1 oz loose tea = 12 cups of tea.
Per equivalent adult (energy) proportions derived from Department of Health (1991) Dietary Reference Values Table 1 .1 p.xix. As the ages of the household members other than the women are unknown it has been assumed that the husband is aged 18-50 years and they have one child aged 1-3 years, 4-6 years and 7-10 years in the case of Mrs V and additionally one infant aged 7-9 months and one child aged 11-14 in the case of Mrs D. EARs have been averaged for boys and girls. The total Estimated Average Energy requirement for 2A and 3 Children of this age is 38.27 and for 2A and 5C it is 50.19. An adult woman aged 19-50 is 8.1. 50 Oliver, Thomas, 'The diet of toil and its relation to wages and production: a paper read at the Congress of Hygiene and Demography, Budapest, September, 1894'. LSE Selected Pamphlets (1895p.7), LSE Library. This is a considerably expanded version of Oliver's Lancet article of the same name Notes on calculations: Alcohol intakes and imputed as follows. The average of 436 calories discussed in the text, and BoTR mean income, plus and estimated income elasticity allow us to model alcohol intake as a function of income. A comprehensive list of income elasticities for alcohol are given in Fogarty (2008) . The earliest estimate for the UK the Fogarty gives is from Stone (1945) . Stone finds a small income elasticity, and he comments that it is mostly very close to zero across the various specification he tried. The other estimates that Fogarty gives in his Table 2 (2008, p20) are more-orless uniformly distributed between 0.2 and 1.0. We use the expression log(Kcals from alcoholic drinks) = 2.48 + 0.6log(family income) to generate an estimate and then add this to arrive at the estimates in Table 8 . McCance and Widowson (1991) . Since no intakes are given for Vitamin E, this nutrient is absent from this table. Notes : based on the same energy requirement assumptions as Table 10a 
